A number of studies have been carried out previously to investigate the suitability of palm oil as dielectric insulation fluid in transformers. Among the important studies is the ageing performance of palm oil. In this paper, a study was carried out to investigate the dielectric properties of Refined Bleached and Deodorized (RBDPO) Oleinafter subjected to thermal ageing. A low temperature ageing was carried out at 85°C for 5 days. The AC breakdown voltage, dielectric dissipation factor, relative permittivity and resistivity of RBDPO were examined throughout the ageing duration. It was found that the RBDPO performs reasonably well under low temperature ageing.
Introduction
Oil is one of the essential components of transformers insulation. It serves not only as electrical insulation but also as a cooling medium and information carrier for condition monitoring purpose [1] . Conventionally, mineral oil is used as a dielectric insulating fluid in transformers owing to its excellent dielectric performance in-service. However, due to the increasing tight regulations on the environment and safety, alternative fluid is currently being investigated.
Vegetable oil offers a suitable alternative for mineral oil. It is biodegradable, non-toxic and has high fire/flash points which ensure more safety in-service. Among the most common vegetable oil considered for transformers application purpose is ester-based oil [2, 3] . Ester-based oil consists of fatty acids and glycerol which also known as triglycerides [4] . Apart from this oil, palm oil is other types of vegetable oil that is currently proposed for usage in transformers [5] [6] [7] . Generally, there are different types of palm oilthat can be extracted from the palm nut such as Crude Palm Oil (CPO), Refined, Bleached and Deodorized Palm Oil (RBDPO) and Palm Kernel Oil (PKO) [8]. Among the most common palm oil considered asdielectric insulating fluid in transformers is RBDPO.
A few studies on RBDPO were previously carried out which cover mainly on basic electrical, physical and chemical aspects such as the AC breakdown, dissipation factor, relative permittivity and resistivity, viscosity, acidity, moisture for new condition [7, [9] [10] [11] [12] [13] . It was found that a new RBDPO could comply with the standardfor transformers requirement [7, [9] [10] [11] [12] [13] . Currently, there is still less studies been carried out on the ageing properties of RBDPO.
In this paper, a study on the dielectric properties of RBDPO Oleinunder low temperature thermal ageing is carried out. The dielectric properties such as AC breakdown voltage, dielectric dissipation factor, relative permittivity and resistivity of RBDPO after ageing are measured and examined.
Experimental Set-Up

Fluid under Test
The fluids under tests were RBDPO Olein type. These oils were obtained from readily available cooking oil products in the market. The properties of these oils can be seen in Table1. Almost all samples have total fat with an amount of 100 g. It is observed that there is no significant difference on the fat composition among these palm oils. RBDPOE has the highest vitamin E followed by RBDPOD, RBDPOC, RBDPOB and RBDPOA. Only RBDPOA has vitamin A with an amount of 264 µg. 
Thermal Ageing Procedure
All samples were first pre-processed by filtering through a membrane filter with a pore size of 0.2 µm. Next, these samples were filled into 1000ml bottles. The ageing was carried in an air circulating oven at 85 ºC under open condition. All samples were aged for 1, 3 and 5 days respectively. The samples were rested further at ambient temperature for another 24 hours before all tests were carried out.
Test Description
AC Breakdown Voltage
The AC breakdown voltage measurement was carried out according to ASTM D1816by an automatic oil breakdown test set, BAUR DPA 75C at ambient temperature. VDE electrode with a diameter of 36 mm facing each other was used for the test and the gap distance was set to 1 mm. The voltage rising rate was set to 0.5 kV/s and the time interval between each breakdown was set to 5 minutes. The volume of the oil in the test cell is around 400 ml. In total, 50 AC breakdown voltages were obtained for analysis.
Dielectric Dissipation Factor, Relative Permittivity and Resistivity
The dielectric dissipation factor, relative permittivity and resistivity were measured according to IEC60247by a BAUR DTL C oil tester. The volume of the oil in the test container is around 70 ml and the test temperature was set to 90 °C.
Result and Data Analysis
AC Breakdown Voltage
It is observed that there is no significant reduction of AC breakdown voltages after ageing as seen in Fig. 1 . Almost all samples show an increment of AC breakdown voltageswith the percentage of increment rangingfrom18% to32% after 1 day of ageing. After 3 days of ageing, the AC breakdown voltage of RBDPOC slightly reducewhere the percentage of decrement is around 2%, while for other samplesthe AC breakdown voltages continue to slightly increase. 
Dielectric Properties
Dielectric Dissipation Factor
It can be seen that there is no significant changes of dielectric dissipation factor after 1, 3 and 5 days of ageing as shown in Fig. 2 . Only RBDPOB and RBDPOD show a slight decrement of dielectric dissipation factor with the percentage of decrement rangingfrom6% to47%,after 1 and 3 days of ageing respectively. The dielectric dissipation factor of RBDPOB remains highest and there is also not much change on the dielectric dissipation factor for RBDPOA, RBDPOC and RBDPOEthroughout the ageing duration. 
Relative Permittivity
The relative permittivity for almost all samples remains unchangedthroughout the ageing duration as shown in Fig. 3 . The range of the relative permittivity throughout the ageing duration is between 2.79 and 2.81.Only RBDPOE shows a slight reduction of relative permittivity at the ageing duration of 3 days with the percentage of decrement of 0.7%.
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Resistivity
There area few changes of resistivity throughout the ageing duration for some of the samples as seen in Fig. 4 . RBDPOB, RBDPOCand RBDPOD show an increment of resistivity with the percentage of increment rangingfrom 7% to77% after 1 days of ageing. After 3 days of ageing,RBDPOCshow a slight decrement of resistivity with the percentage of reduction of 1%. The resistivity of RBDPOA and RBDPOE remain almost unchanged and RBDPOC's resistivity remains highest throughout the ageing duration. 
Conclusion
There is no significant reduction of AC breakdown voltage for all RBDPO samples after ageing for this study. RBDPOB and RBDPOD show a slight reduction trend of dielectric dissipation factor. On the other hand, the relative permittivity of all RBDPO samples remainsalmost unchanged throughout the ageing duration. The resistivity of RBDPOB, RBDPOC and RBDPOD increased initially and remain almost unchanged at the later stage of the ageing duration.In general, the RBDPO performs Applied Mechanics and Materials Vol. 793 reasonably well and this possibly due to the low temperature of ageing which could not accelerate the overall ageing process. There is no clear relationship between fat contents, vitamin E/A and dielectric properties of RBDPO after subjected tothermal ageing in this study.
